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a b s t r a c t 

Abnormal lipid metabolism plays a crucial role in cancers, but few studies have investigated the relationship 

between lipoprotein-associated phospholipase A2 (Lp-PLA2) and lung cancer. In this study, 58 benign lung disease 

(LB) and 57 lung cancer (LC) patients complicated with pleural effusion (PE) were included, and their fasting 

serum and PE samples were collected. Results showed that serum Lp-PLA2 in the LC group was lower than that in 

the LB group, and other serum lipids were higher ( P < 0.05). Tumor markers from serum and the PE samples of 

LC patients were higher than those in the LB group ( P < 0.05). Serum prealbumin (PA) in LC patients was higher 

than that in the LB group, and serum C-reactive protein (CRP) and procalcitonin (PCT) were lower ( P < 0.05). 

In the LC group, serum Lp-PLA2 concentration was positively correlated with serum triglyceride (TG), Lp (a), 

carbohydrate antigen 199 (CA199), nutritional markers, and Lp-PLA2 in PE and negatively correlated with serum 

high-density lipoprotein cholesterol (HDLC), Apolipoprotein A1 (APOA1), CRP, PCT, and alpha fetoprotein (AFP) 

and LDH in PE. The ROC curve showed that the cutoff level of serum Lp-PLA2 for diagnosing LC was 226.685 

(U/L) (sensitivity: 0.632, specificity: 0.793), while the C-index of the nomogram model combined with serum 

Lp-PLA2, age, and gender was 0.750. In LC patients, the higher serum Lp-PLA2 indicated higher probability 

of adenocarcinoma and lower probability of squamous cell carcinoma (SCC). In conclusion, Lp-PLA2 may be a 

protective factor of lung cancer among lung disease patients complicated with pleural effusion, and it would 

facilitate the diagnosis and pathological classification of lung cancer. 
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It is well recognized that diet and obesity are risk factors for cancer

1 , 2] and that abnormal serum lipid levels and dyslipidemia are associ-

ted with a variety of cancers [3 , 4] . A meta-analysis showed a negative

orrelation between HDL-C and cancer. For every 10 mg/dL increase in

DL-C, the risk of cancer was reduced by 36% [5] . A Chinese prospec-

ive cohort study showed that high TC, LDL-C and non-HDL-C levels

ere negatively correlated with cancer [6] . However, the relationship

etween lipids and cancer remains controversial. The incidence rate of

ancer varies with different types of tumor. Some studies have shown

hat lipids are associated with the occurrence and mortality due to tu-

ors, while others showed opposite results [7] . 

Lung cancer is still the most common cause of death from cancer

orldwide. In 2018, there were more than 230,000 new cases in the

nited States alone [8] . Although several studies have shown that lipo-
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omes were abnormal in lung cancer, the underlying mechanism is still

bscure. It remains to be investigated whether liposomes can be used in

he early diagnosis and classification of lung cancer [9] . 

Lipoprotein-associated phospholipase A2 (Lp-PLA2) belongs to

roup VII of the PLA2 superfamily. It is mainly secreted by macrophages

nd circulates in the blood in the form of LDLC and HDLC complexes.

p-PLA2 was initially named as plasma platelet-activating factor acetyl-

ydrolase (pPAF-AH) due to its hydrolysis of platelet-activating fac-

or (PAF). In addition, Lp-PLA2 could hydrolyze oxidized-LDL into

wo bioactive products, which target endothelial cells (ECs), mono-

ytes/macrophages, T cells, and neutrophils, inducing oxidative stress

nd immune response. Studies have shown that elevated serum LpPLA2

ctivity is independently associated with the incidence rate of abdomi-

al aortic aneurysm (AAA) [10] , and the serum LpPLA2 concentration

as positively correlated with all-cause mortality in patients with coro-

ary heart disease [11] . In addition, high LpPLA2 expression was asso-

iated with various tumors, such as prostate cancer and breast cancer,
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70 patients suspected of 

lung cancer with pleural 

effusion  

10 patients confirmed 

non-lung cancer

Serum sample and Pleural effusion

sample were simultaneously

collected after admissiom

3 patients with incomplete 

clinical or laboratory datas

12 patients with incomplete 

clinical or laboratory datas

58 cases of lung benign diseases57 cases of lung cancer

70 patients of  lung 

benign diseases with 

pleural effusion  

Serum sample and Pleural effusion

sample were simultaneously

collected after admissiom

Serum  and Pleural effusion sample 

were tested of LpPLA2 concentration

1.Correlation of serum LpPLA2 concentration with serum lipoprotein, 

   serum tumor markers, serum nutritional and inflammatory markers 

   and pleural effusion tumor markers.

2.The diagnostic value of serum LpPLA2 in lung cancer.

Fig. 1. Flow of the benign lung cohort and lung cancer cohort. 
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specially in metastatic and aggressive ones [12] . However, few studies

ave investigated the relationship between Lp-PLA2 and lung cancer. 

In this study, we collected serum and pleural effusion samples from

atients with benign lung diseases and lung cancer to compare the re-

pective concentrations of Lp-PLA2 in both sets. We then discussed the

alue of using serum Lp-PLA2 concentration in diagnosing patients with

leural effusion for lung cancer, and its role in the pathological classi-

cation and tumor-node-metastasis (TNM) staging of lung cancer pa-

ients. 

. Materials and methods 

.1. Patient samples 

Our research subjects were 70 suspected lung cancer patients and 70

enign lung disease patients, all with pleural effusion. We collected their

asting serum samples and pleural effusion samples on the second day

fter their admission into hospital. Those who met the following criteria

ere excluded from the research: (1) suspected patients were confirmed

o be free of lung cancer and (2) patients lacked complete clinical and

aboratory data. Finally, 57 cases of lung cancer patients and 58 cases of

enign lung disease patients were included ( Fig. 1 ). Serum and pleural

ffusion Lp-PLA2 concentration, tumor markers, and serum lipids were

ested. 
2 
.2. Diagnosis criteria and TNM staging criteria 

Diagnosis criteria: Suspected lung cancer patients were diagnosed

ccording to the clinical manifestations, chest CT scans, and histopatho-

ogical examination. Confirmed lung cancer patients were classified into

mall cell lung cancer (SCLC), squamous cell carcinoma (SCC), adeno-

arcinoma, and other types of non-small cell lung cancer (NSCLC) [13] .

TNM staging criteria: The eighth edition of the TNM classification

as used for lung cancer staging [8] . 

.3. Biological detection 

Serum and pleural effusion Lp-PLA2 concentration, serum lipids,

erum nutritional markers, and C-reactive protein (CRP) were tested by

RCHITECT C16000 (Abbott, USA); serum and pleural effusion tumor

arkers were detected by ARCHITECT i2000 (Abbott, USA); and serum

rocalcitonin (PCT) levels was determined by Roche Cobas e411 elec-

rochemiluminescence analyzer (Basel, Switzerland). 

.4. Methods 

First, the serum Lp-PLA2 and other laboratory indexes were com-

ared among patients with benign lung diseases and lung cancer, and

he correlation between serum Lp-PLA2 and serum lipids, tumor mark-

rs, serum inflammatory, and nutritional markers was determined. Sec-
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Table 1 

Biological and clinical information of the cohorts. 

Benign lung diseases Lung cancer P 

n1 = 58 n2 = 57 

Biological information 

Age (years) 66.4 ± 16.9 64.9 ± 10.2 0.254 

Gender, n (%) 0.102 

Male 42 (72.4) 33 (57.9) 

Female 16 (27.6) 24 (42.1) 

Lung cancer new diagnosis, n (%) 

Yes - 41 (71.9) 

No - 16 (28.1) 

Type of lung cancer, n (%) 

Adenocarcinoma - 31 (54.4) 

Squamous cell carcinoma - 9 (15.8) 

Other types of NSCLC - 13(22.8) 

Small cell carcinoma - 4 (7) 

Primary or metastatic lung cancer, n (%) 

Primary lung cancer - 52 (91.2) 

Metastatic lung cancer - 5 (8.8) 

TNM grade, n (%) 

I + II - 9 (15.8) 

III + IV - 48(84.2) 
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nd, the value of serum Lp-PLA2 in diagnosing lung cancer was deter-

ined. Third, its significance in lung cancer pathological classification

nd TNM staging for patients was analyzed. 

.5. Statistical analysis 

All the graphs and the corresponding statistical analyses were per-

ormed using R (Version: 4.0.2). Continuous variables were expressed

s mean ± SD, and t test was used for comparisons between groups. Cat-

gorical variables were expressed as numbers (percentage), and com-

arisons between groups were performed using Chi-square. The corre-

ations between serum Lp-PLA2 and other indicators were assessed by

pearman’s correlation analysis. Receiver operating curve (ROC) and

omogram were used to determine the role of serum Lp-PLA2 in the di-

gnosis, pathological classification, and staging of lung cancer. P ≤ 0.05

as considered to indicate statistical significance. 

. Results 

.1. Basic information of the study cohort 

In our cohort, no significant difference in age and gender was ob-

erved between the benign lung diseases group and the lung cancer

roup (P > 0.05). A total of 71.9% of patients in the latter group were

ewly diagnosed, while the remaining were hospitalized patients for

adiotherapy and chemotherapy. Among all lung cancer patients, those

ho suffered from adenocarcinoma accounted for 54.4%, squamous cell

arcinoma 15.8%, other types of non-small cell lung cancer (NSCLC)

2.8%, and small cell lung cancer (SCLC) 7%. Most of them were pri-

ary lung cancer patients (91.2%), whose TNM grade was mostly stage

II and IV (84.2%) ( Table 1 ). 

.2. Comparison of laboratory indicators between the two groups 

Among lipoprotein indicators, total serum cholesterol (CH), high-

ensity lipoprotein cholesterol (HDLC), low-density lipoprotein choles-

erol (LDLC), apolipoprotein A1 (APOA1), apolipoprotein B (APOB) and

ipoprotein (a) (LP (a)) in the lung cancer group were higher than those

n the benign lung disease group, while serum Lp-PLA2 concentration

as lower than that in the control group ( P < 0.05). In addition, the lev-

ls of serum triglyceride (TG) and Lp-PLA2 in pleural effusion showed

o significant difference between the two groups. 

Among tumor markers, serum carcinoembryonic antigen (CEA),

quamous cell carcinoma antigen (SCCA) and lactate dehydrogenase
3 
LDH) from the serum sample, and CEA, carbohydrate antigen 125

CA125) and LDH from the pleural effusion sample in lung cancer pa-

ients were higher than those in the control group ( P < 0.05), while

erum CA125 concentration showed no significant difference. 

For nutritional and inflammatory markers, serum prealbumin (PA)

oncentration in lung cancer patients were higher than that in the con-

rol group, and serum C-reactive protein (CRP) and procalcitonin (PCT)

oncentration were lower, while serum concentrations of total protein

TP), albumin (Alb), globulin (Glb) and albumin globulin ratio (AG)

howed no significant difference ( Fig. 2 ). 

There was no significant difference in serum Lp-PLA2 concentration

etween the newly diagnosed and non-newly diagnosed lung cancer pa-

ients ( P > 0.05) ( Fig. 3 ). 

.3. Correlation between serum Lp-PLA2 concentration and lipoprotein, 

umor markers, nutritional and inflammatory markers in the lung cancer 

roup 

For lipid-related parameters, the serum Lp-PLA2 concentration was

egatively correlated with TG and Lp (a), but not correlated with HDLC

nd APOA1 in the control group, while in the lung cancer group, serum

p-PLA2 concentration was positively correlated with TG and Lp (a),

egatively correlated with HDLC and APOA1, but not remarkably corre-

ated with LDLC. For tumor markers, serum Lp-PLA2 was positively cor-

elated with serum carbohydrate antigen 199 (CA 199) and pleural ef-

usion Lp-PLA2 in the lung cancer group and negatively correlated with

lpha fetoprotein (AFP) and LDH with pleural effusion. Although serum

p-PLA2 in the control group was negatively correlated with serum CA

99 and Lp-PLA2 in pleural effusion and positively correlated with pleu-

al effusion AFP, no marked correlation was found between serum Lp-

LA2, serum CA 199, and pleural effusion Lp-PLA2. For inflammatory

nd nutritional markers, the serum Lp-PLA2 concentration was nega-

ively correlated with CRP and PCT, while opposite results were ob-

erved in the control group. Serum Lp-PLA2 was weak positively corre-

ated with TP, Alb, AG and PA in the lung cancer group, and no marked

orrelation was found between serum Lp-PLA2 and serum Glb. In the

ontrol group, serum Lp-PLA2 concentration was positively correlated

ith Alb and AG and negatively correlated with TP, Glb, and PA ( Fig. 4 ).

.4. The value of serum Lp-PLA2 in the diagnosis and pathological 

lassification of lung cancer 

The ROC curve showed that the cutoff value of serum Lp-PLA2 in the

iagnosis of lung cancer was 226.685 (U/L), the sensitivity was 0.632,

nd the specificity was 0.793. Nomogram showed that the combination

f serum Lp-PLA2, age, and sex was a better predictor in the diagnosis

f lung cancer. 

Cut-off values of serum Lp-PLA2 for the differentiation of lung squa-

ous cell carcinoma (SCC) and adenocarcinoma were 213.050 (U/L)

nd 205.150(U/L), respectively. But the diagnostic efficiency was low,

nd the combination of serum Lp-PLA2, age, and sex had a higher di-

gnostic efficiency than serum Lp-PLA2 alone. The nomogram model

howed the combination of serum Lp-PLA2, age and sex was better in

dentifying SCC and adenocarcinoma. It showed that among lung cancer

atients, the higher concentration of serum Lp-PLA2 led to lower prob-

bility of developing SCC, but higher probability of developing adeno-

arcinoma ( Fig. 5 ). 

.5. The value of serum Lp-PLA2 in TNM staging of lung cancer 

There was no significant difference in serum Lp-PLA2 concentration

etween patients in TNM stage I-II and III-IV ( Fig. 6 ). 

iscussion 

Lp-PLA2 mediates vascular inflammation by regulating lipid

etabolism in the blood. It mainly exists in blood circulation by binding
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ith low-density lipoprotein (LDL) and high-density lipoprotein (HDL).

nterestingly, Lp-PLA2 can be transferred between LDL and HDL. Lp-

LA2, if bound with HDL, can resist atherosclerosis, but when bound

ith LDL, the enzyme produces the opposite effect [14] . Studies have

hown different metabolic behaviors between LDL particles carrying Lp-

LA2 and LDL particles lacking Lp-PLA2 [15 , 16] . 

At present, the role of Lp-PLA2 in vascular inflammation and other

elated diseases (mainly atherosclerosis) has been widely studied [15] .

n addition, the relationship between Lp-PLA2 and various cancers has

lso been increasingly investigated. Studies have shown that Lp-PLA2

ay be a valuable biomarker or therapeutic target for prostate cancer,

specially for ERG-positive prostate cancer [17] . Lp-PLA2 plays a causal

elationship in the occurrence of colon cancer; therefore, the inhibition

f Lp-PLA2 may be a promising method for the treatment of intestinal

ancer [18] . Some studies have revealed a high expression of PLA2G in

olon cancer, renal cell carcinoma, liver cancer and lung cancer, and

igh Lp-PLA2 protein and gene expression were significantly associated

ith poor prognosis of lymph node metastasis [12] . However, in addi-

ion to its oncogenic effect, Lp-PLA2 may play a beneficial role in some

ancers such as melanoma, multiple myeloma, and glioblastoma [14] .

herefore, because of the complex tumor microenvironment, Lp-PLA2

xerted different effects on tumors due to the tumor types and stages.

his study collected serum and pleural effusion samples from patients

ith benign lung diseases and lung cancer to compare the expression of

p-PLA2 in the two groups and to explore the value of applying serum

p-PLA2 in the diagnosis, pathological classification, and TNM staging

f lung cancer. 

In comparing the two groups, we found that most of the blood lipid

ndexes of lung cancer patients, including total serum cholesterol, HDLC,

DLC, APOA1, APOB and Lp (a), were higher than those in the control

roup, while the serum Lp-PLA2 concentration was lower. We observed

he study cohort focusing on this abnormal lipoprotein and found no

tatistical difference in age and gender between the groups. However,
5 
8.1% of patients were not newly diagnosed. This means they may have

eceived surgery, radiotherapy and chemotherapy before hospitaliza-

ion. To determine the effect of diagnosis and treatment of lung cancer

atients on serum Lp-PLA2 concentration, we divided the patients into

 newly diagnosed group and a non-newly diagnosed group, and found

o significant difference in serum Lp-PLA2 concentration between them.

heir Lp-PLA2 concentration levels were lower than those in the control

roup. Therefore, it can be speculated that the treatment process had lit-

le effect on the serum Lp-PLA2 concentration of lung cancer patients. 

In analyzing the correlation between the serum Lp-PLA2 concentra-

ion and lipoprotein in patients with lung cancer, we found that serum

p-PLA2 was positively correlated with TG and lipoprotein (a) (Lp (a))

nd negatively correlated with HDLC and APOA1, but not significantly

orrelated with LDLC. It has been shown that a low concentration of

p-PLA2 could bind to Lp (a). In individuals with elevated Lp (a), the

ffinity of Lp-PLA2 to Lp (a) was higher than that to LDLC [16 , 19] . The

eference range of serum Lp-PLA2 concentration provided by the manu-

acturer was ≤ 670 U / L, and the average serum Lp-PLA2 concentration

f lung cancer patients in this study was about 200 U/L, which is a rela-

ively low benchmark. Therefore, serum Lp-PLA2 of lung cancer patients

as mainly combined with Lp (a). However, there was no significant dif-

erence in the pleural effusion Lp-PLA2 concentration between the two

roups, which may be relevant to the secretion manner of Lp-PLA2. 

In the correlation analysis of serum Lp-PLA2 concentration and tu-

or markers in lung cancer patients, we found that the relationship

n the cancer group was contrary to that in the control group. Tumor

arkers were generally recognized as laboratory indexes reflecting tu-

or classification and staging [20 , 21] ; thus, it can be inferred that there

ere subtle changes and unique role of Lp-PLA2 in the occurrence and

evelopment of lung cancer. Therefore, the role of serum Lp-PLA2 in the

iagnosis, pathological classification and TNM staging of lung cancer is

orth further exploring. 
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Fig. 4. Correlation of serum Lp-PLA2 with blood lipids, tumor markers, nutritional markers and inflammatory markers in benign lung disease patients and lung 

cancer patients. 

A1. Correlation of serum Lp-PLA2 with blood lipids in lung cancer patients. A2. Correlation of serum Lp-PLA2 with tumor makers in lung cancer patients. A3. 

Correlation of serum Lp-PLA2 with nutritional markers and inflammatory markers in lung cancer patients. B1. Correlation of serum Lp-PLA2 with blood lipid in 

benign lung disease patients. B2. Correlation of serum Lp-PLA2 with tumor makers in benign lung disease patients. B3. Correlation of serum Lp-PLA2 with nutritional 

markers and inflammatory markers in benign lung disease patients. The intensity of correlation was expressed in different colors. The darker the blue, the stronger 

the positive correlation. The deeper the red color, the stronger the negative correlation. C. Comparison of the correlation of serum Lp-PLA2, blood lipid, tumor 

markers, nutritional markers and inflammatory markers between lung cancer group and benign lung disease group. 
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When analyzing the correlation between serum Lp-PLA2 concentra-

ion and inflammatory or nutritional markers, we found that serum Lp-

LA2 concentration had a weak positive correlation with most nutri-

ional makers, and it was negatively correlated with CRP and PCT in

ung cancer patients. Some studies have suggested that the inflammatory

nd immunosuppressive agents released by inflammatory cells could not

nly promote tumor proliferation, angiogenesis, invasion and metastasis

ut also inhibit the host immune system and accelerate the growth and

evelopment of tumor [22] . In addition, some scholars have revealed an

ctive inflammatory reaction in neurofibroma and showed that prevent-

ng inflammation in the observed tumor site was an approach to treat

eurofibroma [23] . More importantly, it has been proved that the exis-

ence and degree of chronic systemic inflammatory response may lead

o the decline of progressive nutrition. A special nutritional interven-

ion could decrease the inflammatory state and improve the nutritional

tatus, which was a successful strategy for the treatment of colorectal

ancer [24] . Therefore, it can be speculated that low serum Lp-PLA2 in

ung cancer patients may be related to high inflammatory state and the

rogressive nutritional decline caused by it. 

We further studied the value of serum Lp-PLA2 concentration in the

iagnosis and pathological classification of lung cancer. It is known that

he pathological type of lung cancer was related to gender and age [25] ;

ence, we drew two ROC curves of serum Lp-PLA2 alone and its combi-

ation with age and gender to compare the diagnostic efficacy. We found

hat serum Lp-PLA2 alone could be used for the diagnosis of lung can-

er in patients with lung disease accompanied by pleural effusion, but

he combined diagnosis could improve the specificity. However, serum

p-PLA2 alone was not effective enough in the differential diagnosis of

ung squamous cell carcinoma and adenocarcinoma. Therefore, we fur-

her established a diagnostic model combined with serum Lp-PLA2, age

nd gender by using nomogram. 

Nomogram is based on multifactor regression analysis by using mul-

iple clinical indicators or biological attributes, combined with line seg-
8 
ents with high or low scores. Based on the total scores of multiple vari-

bles, we could predict a certain clinical outcome or the probability of

ertain events. In recent years, nomogram has seen growing application

n tumor diagnosis and prognosis prediction. Its visual output enabled

linicians to use clinical indicators more intuitively for the diagnosis and

reatment of diseases [26 , 27] . 

Through our nomogram model, we found that serum Lp-PLA2 con-

entration can be used to diagnose lung cancer patients with a C-index of

.750. In addition, for the pathological types of lung cancer patients, Lp-

LA2 had a high differential value. Patients with high serum Lp-PLA2

ere more likely to develop adenocarcinoma (C-index = 0.777), while

hose with lower Lp-PLA2 had a high probability of developing squa-

ous cell carcinoma (C-index = 0.843). To our knowledge, our study was

he first to investigate the diagnosis and pathological types of lung can-

er aided by differential value of serum Lp-PLA2 concentration. 

However, there was no significant difference in serum Lp-PLA2 con-

entration among lung cancer patients with different TNM stages. There-

ore, we believe that serum Lp-PLA2 concentration could guide the iden-

ification of lung cancer in patients with lung diseases and the patholog-

cal classification of lung cancer, but it could not distinguish the TNM

taging. 

There are some limitations in this study. First, we recruited only pa-

ients with pleural effusion, which resulted in a small number of cases,

nd some lung cancer patients were not newly diagnosed, which may

ause a certain bias in research results. Second, Lp-PLA2 gene polymor-

hism was confirmed to be related to the disease [28 , 29] , yet the geno-

ypes were not detected in this study. Third, the relationship between

erum Lp-PLA2 concentration and mortality of lung cancer patients was

ot discussed. 

In conclusion, serum Lp-PLA2 concentration had certain value for di-

gnosing lung cancer patients with pleural effusion and could guide the

athological classification of lung cancer. Prospective studies based on

arge samples should be carried out in future to further explore the di-

gnostic and prognostic value of serum Lp-PLA2 in lung cancer patients

nd provide a new laboratory basis for the diagnosis and treatment of

ung cancer. 
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